Purpose To compare focometer and autorefractor in the measurement of refractive errors among students in an underserved community of sub-Saharan Africa. Methods The study was a descriptive comparative cross-sectional study conducted in October/November 2014 among secondary school students of Ijaiye-Orile, Oyo State, Nigeria. Students were selected using systematic random sampling method. Ocular examination and measurement of refractive error was carried out on each student using a focometer and an autorefractor. Results A total of 230 students were studied. Mean age of the students was 15.1 ± 1.9 years with a range of 13-21 years. Refractive error was detected in 95 (41.3%) of the students using autorefractor and in 81 (35.2%) with focometer. Among those found to have refractive error using autorefractor, 75 (78.9%) students had a difference of ≤ ± 0.75 DS between the autorefractor and focometer readings. The sensitivity and specificity of the focometer relative to the autorefractor was 73.7% and 91.9%, respectively. Conclusion The focometer is comparable to the autorefractor in the measurement of refractive error because of its high sensitivity and specificity. The high positive and negative predictive values makes the focometer an effective tool for both screening and diagnosis of refractive error in rural areas among secondary schools students. Its use would make refractive service available and affordable to individuals living in the resource poor rural communities thereby reducing the burden of refractive error in such areas. The focometer should also be a useful tool in school eye health programs.
Introduction
The World Health Organization (WHO) in year 2010 1 estimated the number of people with visual impairment to be about 285 million; made up of 39 million blind individuals and 246 million people with moderate and severe visual impairment. 1 Out of the 246 million individuals with low vision, uncorrected refractive errors (URE) accounted for 153 million. 2 URE is also the second leading cause of blindness occurring in 8 million individuals. 2 Since refractive error manifests at a young age, the number of associated blind-person-years from URE was double the estimate for individuals blind from cataract. 3 URE is the single largest contributor to the global burden of eye diseases 4 and among children it is the leading and most easily remedied cause of poor vision. 5 The prevalence of refractive error among school students in Nigeria varies between 1.97% and 5.8%. [6] [7] [8] School children are an important large target group for detection of eye diseases 9 and this early detection provides the best opportunity for effective treatment thereby preventing blindness. However, there are various factors responsible for uncorrection of refractive errors, these include lack of awareness and recognition of the problem at personal, family, community and public health level. Other factors responsible include nonavailability or inability to afford refractive services, insufficient provision of affordable corrective lenses and cultural disincentives to compliance. 10 About 90% of the burden of eye disease occurs in lowand middle-income countries 4 where access to refraction services and the availability of spectacles are generally poor. 11 One approach to make refractive services readily available and affordable is the introduction of a simple device called a 'focometer'. [12] [13] [14] This is a self-adjustable telescopic refractive device used to subjectively determine the value of an individual's refractive error. It is portable, lightweight, compact and fairly quick to use. The focometer is less expensive compared with an autorefractor and does not require electricity nor prolonged and intensive training for its use. 14 However, there are few published data about the reliability of focometer measurements. 15 A study about its validity conducted by the manufacturer reported that focometer measurements are within 0.50 DS of an autorefractor measurement and 0.10 DS of a subjective refraction. 13 So, as recommended by WHO, the focometer measurements have offered sufficient visual outcomes that can make it to be considered for use in public health programs. It has been suggested that there is a need to carry out a field testing in a developing country setting to determine whether the focometer has application as a public health tool in such locality. 15 However, to the best of the author's knowledge there has not been any study conducted to fill this gap in knowledge in Nigeria.
The aim of this study was to compare the measurement of refractive error using a focometer and an autorefractor in a rural community where electricity is erratic, coupled with lack of adequate human and infrastructural resources. An autorefractor was used for this comparison because the validity and reliability of various autorefractors have been established in various studies. [16] [17] [18] 
Materials and methods
The study was a descriptive comparative cross-sectional study conducted between October and November 2014.
The study was carried out at Ijaiye High School, IjaiyeOrile, Akinyele Local Government Area of Oyo state. This is entirely a rural community which lacks basic amenities such as portable water and stable electricity. The major inhabitants are the Yoruba ethnic group. 19 The population of the local government based on estimates from the Nigerian 2006 population census using 2.88% growth rate was 270 235 in the year 2013.
Participants were students of Ijaiye High School, IjaiyeOrile, aged 13 years and above. Students with ocular co-morbidity causing poor vision such as cornea scar, cataract, retinal detachment, macular scar, and so on were excluded from the study.
Sampling technique
Systematic random sampling method with a sampling fraction of 2(two) was used to select the students using the school register. The total number of students in the school was 551. If a selected student in a class was not eligible then the next student on the register was selected and the sampling procedure (every other student) was continued till the calculated sample size of 230 was obtained. The sample size was computed using the comparative formula for paired data. Power was set at 80%, significance level of 0.05 was chosen and an estimated prevalence of 84% was the proportion of students with focometer reading (spherical equivalent) within 0.75 DS of that of the autorefractor. 15 
Data collection
Interviewer administered semi-structured questionnaires were used to obtain information on the bio-data of the students and their ocular history. Measurement of refractive error with autorefractor and focometer was done respectively by separate examiners. Using the findings of the autorefractor, subjective refraction was then carried out.
Ethical approval
Approval for the conduct of this study was obtained from the Ministry of Education, Oyo state secretariat Ibadan and ethical approval obtained from the Ethical Committee of University of Ibadan/University College Hospital Ibadan. The study was carried out in line with the principles and tenets of the declaration of Helsinki for studies on human subjects. Also, study permission was obtained from the Principal of the school. Signed informed consent forms were obtained from the parent/ guardian of selected students and assent of the selected students was obtained individually.
Data analysis
The collected data were entered into a database and was analyzed using Statistical Package for Social Sciences (SPSS) version 21(IBM Corp., NY, USA). The test of analysis between qualitative variables was done using chi-square test and level of statistical significance set at P-value o0.05.
Eye
The focometer was assessed for specificity and sensitivity for measuring refractive error with reference to autorefraction.
Paired t-test was done to test for association between quantitative variables. Repeatability was determined by the calculation of the coefficient of repeatability (COR). The COR is 1.96 times the SD of paired differences. 20 Definition of terms for the study K Refractive error includes myopia, hypermetropia and astigmatism.
K Myopia was defined as spherical error of higher than
K Hypermetropia was defined as spherical error greater than +0.5 D (ie, 4 +0.
D). 2,21
K Astigmatism (minus cylinder format) was defined as a cylindrical error greater than 0.5 D. 21
K True Positives are the number of students that had refractive error using autorefractor and were confirmed by the focometer.
K False Positives are the number of students that did not have refractive error using the autorefractor but were found to have refractive error using focometer.
K True Negatives are the number of students that did not have refractive error using autorefractor and were found to be negative by the focometer.
K False Negatives are the number of students that had refractive error using autorefractor but were found to be negative by the focometer.
Results
Two hundred and thirty secondary school students had refraction done with both autorefractor and focometer. The mean age of the students studied was 15.1 ± 1.9 years. The range was 13-21 years. They comprised of 123 (53.4%) males and 107 (46.6%) females. Autorefractor revealed that 95 (41.3%) students had refractive error. Forty nine (39.8%) males had refractive error compared with 46 (43%) females. The difference between the genders was not statistically significant (P-value 0.628).
Comparing refractive status between autorefraction and focometer
About three quarters of students with refractive error using autorefractor were also detected to have refractive error using focometer. Focometer was observed to have a high sensitivity (73.7%) for diagnosing refractive errors in comparison with autorefraction, a high specificity (91.9%) in comparison to autorefraction as well as a nine fold chance of accurately diagnosing refractive error with a possibility of 29% margin of error. Similarly, focometer has high positive and negative predictive values for refractive errors when compared to autorefraction (86.4% and 83.2%, respectively) as shown in Table 1 .
Distribution of different types of refractive error in study subjects
The distribution of the types of refractive errors among the study subjects is shown in Figure 1 . Most of the patients with refractive error had myopia with either of the test instruments (autorefractor; 48.5%, focometer; 76.5%). There was no statistically significant difference between the proportion of myopia and hypermetropia using the test instruments (P-value 40.05). However, the proportion of students noted to have astigmatism with autorefraction was significantly higher than those diagnosed with focometer (P-value = 0.005). 
Eye
Comparison of the degrees of refractive error between the two test instruments
The mean of the spherical errors was − 0.37 ± 1.42 DS, mean of Cylindrical errors was − 0.62 ± 0.75 Dcyl, and mean of Spherical equivalents was À 0.58 ± 1.34 DS with the autorefractor while the mean spherical error, Cylindrical error and Spherical equivalents using the focometer were − 0.31 ± 1.04 DS, − 0.09 ± 0.35 Dcyl and − 0.34 ± 0.98 DS respectively. There was no significant difference in the degree of spherical errors detected by the two tests instruments (P-value 40.05). However, focometer was observed to be less effective in detecting cylindrical errors with a statistically significant mean difference when compared with autorefractor (P-value 0.001).
There was also a statistically significant difference between the spherical equivalents obtained between autorefractor and focometer (P-value 0.006).
Difference in the value of refractive error using the test instruments
The mean difference in the value of spherical equivalents of the refractive error measurements in each student using autorefractor and focometer was − 0.25 ± 0.86 DS. Further analysis indicated that 75 students (78.9%) had a difference of ≤ ± 0.75 DS and 20 students (21.1%) had a difference 4 ± 0.75 DS between the two test instruments, whereas 80 students (84.2%) were within 0.75 DS difference and 15 (14.8%) had 40.75 DS difference between subjective refraction and focometer, as shown in Table 2 .
Repeatability of study instruments
The repeatability of the study instruments was determined to evaluate level of agreement between focometer and autorefractor. The COR between the focometer and the autorefractor measurement of refractive error was found to be close to each other indicating a high level of agreement between the two test instruments ( Table 3) .
Level of agreement between the two test instruments
The level of agreement between the test instruments was further corroborated as shown in Figure 2 . The difference in the spherical equivalent of autorefractor and focometer shows a 95% limit between − 4.00 DS to +2.00 DS. Majority of the measurements were interspersed within the 95% limits of agreement with a few outliers.
Discussion
A cost effective means of making refractive services available and affordable to individuals in the rural areas of low income countries is paramount in reducing the huge burden of URE in such regions. The focometer is designed to overcome majority of the obstacles to refractive services in a rural setting. So this study was designed to compare focometer with autorefractor with the intention of making recommendations for an efficient refractive error test instrument which may be adopted as a screening tool in a resource poor rural community.
The proportion of students with refractive error in the study population using the study definition as determined by using the autorefractor was 41.3% while with the focometer it was 35.2%. This was low compared to the findings by Du Toit et al 15 where 99% of the population studied had refractive error using the autorefractor. This may be due to the differences in definitions of the refractive errors used in their study compared with this study. In addition most studies, 2,11 on refractive error usually document subjectively refined refraction of retinoscopy rather than the objective autorefraction, hence there are limited studies to compare the findings of this study with.
The distribution of the types of refractive error with autorefractor was 46 (48.5%), 11 (11.5%), and 38 (40%) for myopia, hypermetropia and astigmatism respectively while focometer readings showed 62 (76.5%), 11 (13.5%), and 8 (10%) for myopia, hypermetropia and astigmatism, respectively. These findings are different from the findings of Du Toit et al 15 in Australia where autorefractor showed that 63% of the study population were myopic, 36% were hypermetropic and 91% had astigmatism while only 32% had astigmatism with the focometer. This variation may be related to differences in the definitions of refractive error used, differences in age group and ethnicity of the study population. All these factors have been shown to affect the prevalence and pattern of refractive error globally.
Comparing the two test instruments; the sensitivity and specificity of the focometer are good; 73.6% and 91.9%, respectively. These indicate that the focometer has the capacity to identify refractive error easily when present in an individual and can also identify an individual without refractive error quite accurately. Likewise, the high positive and negative predictive values for refractive error measurement of the focometer compared with an autorefractor indicate that it can be used effectively as both diagnosing and screening test tool for refractive error in a student population.
The COR indicates that the measurements of refractive error with the two test instruments are reliable and similar to each other. This is also similar to the findings of Du Toit et al 15 in which the difference of COR between the focometer and autorefractor was 0.05 for one of the groups.
The mean difference of the spherical and cylindrical errors obtained between the autorefractor and focometer were − 0.05 DS ± 0.89 (P = 0.582) and − 0.52DC ± 0.65 (P = 0.001) respectively demonstrating that the cylindrical error mean difference was statistically significant. This is similar to the findings of Du Toit et al 15 indicating that the focometer is not very accurate in the determination of cylinder power and axis in astigmatic prescriptions. This may be because the clock target (recommended by the manufacturer) has radials at 30°intervals and the cylinder axis determination with the focometer can only be measured to the nearest 15°resulting in approximation of the cylindrical axis degree. Another reason may be because some participants unintentionally tend to prefer the spherical equivalent of the refractive error they have rather than going through the procedure of identifying the cylindrical power and axis of their error.
The spherical equivalent measurements of refractive error between the two test instruments showed that 56.8% of the participants with refractive error had a difference of ≤ ± 0.50 DS and 78.9% had a difference of ≤ ± 0.75 DS. This difference in refractive error measurements is comparable to the findings of Du Toit et al 15 where 62% of the focometer spherical equivalent measurements were within 0.50 DS of the autorefractor, and 84% were within 0.75 DS. However, the slightly lower values in this study might be because the study population used by Du Toit et al 15 were students of optometry who were older and better informed about the test instruments and were likely to follow instructions better than secondary students. This agreement rate was higher when comparing the focometer with subjective refraction in which the focometer readings of 84.2% participants with refractive error fell within 0.75 difference of an autorefractor. This indicates that there is better agreement between the focometer and the subjective than the autorefractor probably because focometer is also a subjective method of measuring refractive error.
The focometer was able to improve the vision of those (12.6%) with visual acuity worse than 6/6 to 6/6 or better. According to WHO, 15 the goal of a public health program is to offer the greatest number of people the best possible visual acuity through refractive error correction which should be at least 6/18, beyond which there is visual impairment. In this study, 100% of the participants achieved at least 6/6 with their focometer prescription. This suggests that the focometer measurements offered sufficient visual outcomes to consider its use in public health programs especially in a resource poor rural community and hence can be useful in a school eye health program.
This study has some limitations. First, the calibration (1D apart) of the focometer and the clock target radials at 30°intervals both might have lead to the approximations of spherical and cylindrical corrections respectively hence affecting the accuracy of the focometer astigmatic correction. Second, accuracy of the result obtained from the focometer is largely dependent on the patient's input. Third, the unavailability of cycloplegic refraction as the gold standard for comparison with the focometer is also a limitation.
In conclusion, this study showed that the result of measuring refractive error with focometer is comparable to the results from an autorefractor especially for spherical corrections. However, it is less accurate for cylindrical corrections. The high sensitivity and specificity of a focometer relative to an autorefractor and the high positive and negative predictive values indicate that it is an effective tool for both screening and diagnosing refractive error in rural areas among secondary schools students. Hence the focometer is a cheaper alternative to autorefractor in a resource poor rural community.
We recommend that the focometer should be made available in the primary eye care centers so that basic screening for refractive errors can be done at this level of eye care with prompt referral of appropriate cases when indicated. In addition, school eye health programs may make use of the focometer for screening purposes to detect refractive errors among students.
Similar studies comparing focometer and autorefractor in the adult population of the community should also be conducted with respect to near vision and reading.
Summary
What was known before K Refractive service can only be obtained in the urban area where electricity is available.
K One need's an expensive instrument(autorefractor) to do refraction.
What this study adds K Refractive service can be obtained in the rural area where electricity is absent.
